Introduction. Data on risk factors for gestational diabetes mellitus (GDM) in primiparous women is limited. The aim of this study was to assess the prevalence of GDM and simultaneously evaluate the impact of age and adiposity in primiparous women at risk of GDM risk. Material and methods. This observational registerbased cohort study from the city of Vantaa, Finland, included all 7750 primiparous women giving birth between 2009 and 2015 without previously diagnosed diabetes mellitus. Results. In primiparous women the prevalence of GDM was 16.5% and mean age was 28.2 years (5.2 SD). Primiparous women aged ≥35 years had a significantly higher risk for GDM than women aged <25 years [odds ratio (OR) 2.67, 95% confidence interval (CI) 2.13-3.34]. Primiparous women with a prepregnancy body mass index (BMI) ≥30.0 kg/m 2 had a significantly higher risk for GDM than women with a pre-pregnancy BMI <25 kg/m 2 (OR 5.36, 95% CI 4.53-6.36). The risk of developing GDM showed an increasing trend with increasing age in all BMI categories except the category BMI ≥35 kg/m 2 . Normal weight women (BMI 20.0-24.9 kg/m 2 ) aged 40 years had a significantly higher risk for GDM than normal weight women aged 28 years (OR 1.48, 95% CI 1.01-2.19). Conclusions. The prevalence of GDM is high in primiparous women. Both age and degree of adiposity influenced the risk for GDM. To reduce GDM risk, adiposity should be prevented already in childhood and primiparity should be encouraged at a younger age.
Introduction
Gestational diabetes mellitus (GDM) is a common complication of pregnancy (1) . GDM is associated with adverse short-and long-term health outcomes for the women and their offspring (2) .
For several years, GDM has been defined as an abnormal glucose metabolism with onset or first recognition
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In primiparous women, the prevalence of gestational diabetes mellitus was high. Higher age in all women except for the severely obese increased the risk for gestational diabetes mellitus. during pregnancy (3) . The new guidelines of the American Diabetes Association define GDM as diabetes that is diagnosed first time in the second or third trimester of pregnancy and that is not clearly either preexisting type 1 or type 2 diabetes (1). Further, pregnant women diagnosed with diabetes in the first trimester should be classified as having preexisting pre-gestational diabetes as type 2 diabetes or, very rarely, type 1 diabetes (1) . Globally, the prevalence of GDM varies from 2 to 32%; a median estimate for North America is 9% and for Europe 6% (4) . The different diagnostic criteria for GDM and different strategies for detection of GDM as well as maternal ethnicity may partly explain the reported differences in prevalence of GDM (1, 5) .
Maternal adiposity and high childbearing age are among the well-known risk factors for GDM (5, 6) . Globally, the prevalence of being overweight and of obesity is high and increasing; the proportion of adult women with a body mass index (BMI) over 25 kg/m 2 increased from 30% in 1980 to 38% in 2013 (7, 8) . Among US women of reproductive age, about 60% are overweight or obese (7) . Simultaneously maternal age in primiparous women has increased (9, 10) . Nowadays in Europe and in Japan, the mean age of primiparous women is 28-29 years (9) . Most previous studies focusing upon GDM have pooled primiparous and multiparous women, thus data on risk factors for GDM in primiparous women is limited (4, 11) .
In the year 2016, we initiated a follow-up study in the city of Vantaa, the fourth largest city in Finland, to assess the long-term consequences of gestational glucose intolerance on the health of women and their offspring. The aim of this study is to assess the prevalence of GDM and to evaluate the impact of age and degree of adiposity in primiparous women on GDM risk.
Material and methods
This study is an observational register-based cohort study. The study cohort is composed of all 7750 women from the city of Vantaa without previously diagnosed diabetes mellitus who delivered their first child between 1 January 2009 and 31 December 2015.
Data on deliveries were obtained from the Finnish Medical Birth Register, a nationwide register at the National Institute for Health and Welfare, Finland, which collects the information from the delivery hospitals. The quality of the Finnish Medical Birth Register has been found to be high (12) . For this study the following information was obtained from the register: participants' pregestational BMI, previous pregnancies (miscarriages, induced abortions or ectopic pregnancies) and deliveries, infertility treatment, GDM, and smoking during pregnancy (13) . We also obtained data from the Register on offspring sex, birthweight and birth length (13) . Largefor-gestational age was defined as a birthweight and/or birth length 2 standard deviations (SD) above the sex and gestational age-specific mean reference based on the data from the Finnish Medical Birth Register. Small-for-gestational age was defined as birthweight and/or birth length 2 SDs below the sex and gestational age-specific mean reference, respectively (14) . Educational attainment was defined according to number of years of schooling; data were obtained from Statistics Finland (15) .
Since 2008 in Finland, according to the Finnish Current Care Guidelines for GDM, all pregnant women should be screened for GDM except those who have a low GDM risk, for example primiparous women with BMI between 18.5 and 24.9 kg/m 2 and without a first-degree family history of diabetes (16) . According to the Finnish Current Care Guidelines for GDM, GDM was defined as one or more pathological glucose values in a 75-g standard two-hour oral glucose tolerance test with the following diagnostic thresholds: fasting plasma glucose ≥5.3 mmol/L, one-hour glucose ≥10.0 mmol/L, and two-hour glucose ≥8.6 mmol/ L (16) .
Data on participants' chronic diseases were obtained from the Finnish Social Insurance Institution (17) . In Finland, medication for certain chronic diseases entitles the patient to 65-100% reimbursement. To receive this, the treating physician compiles a medical certificate including the history of the chronic disease. At the Social Insurance Institution, expert physicians review this certification. When the reimbursement criteria for the chronic disease are fulfilled, the applicant has the right to a reimbursable medication and the entitlement is entered into a nationwide register.
Statistical analyses
Data are presented as means with SDs or as counts with percentages. Statistical comparisons between women with and without GDM in baseline characteristics, and measurements of the newborn were made by t-test and Chisquare test. Logistic regression models were used to model the incidence of GDM using age and BMI as independent variables. Possible nonlinear relations were assessed using 5-knot restricted cubic spline logistic models. Any p-values of 0.05 or less were considered statistically significant. STATA 14.1 (StataCorp LP; College Station, TX, USA) statistical package was used for the analyses.
Ethical approval
The ethics committee of the Hospital District of Helsinki and Uusimaa (356/13/03/03/2015, 2 November 2015), and health authority of the Vantaa city approved the study. The Finnish Social Insurance Institution, National Institute for Health and Welfare, and Statistics Finland gave permission to use their register data in this study. According to the ethics committee of the Hospital District of Helsinki and Uusimaa, and health authority of the Vantaa city, the study participants do not need to provide a statement of informed consent because this study is an observational register-based study.
Results

Prevalence of gestational diabetes mellitus and characteristics of the study participants
The prevalence of GDM was 16.5% in the primiparous women. Prepregnancy obesity was significantly more common in women with GDM than in women without GDM (25% vs. 7%) (p < 0.001). Women diagnosed with GDM had a higher prevalence of previous pregnancies than women without GDM (23.0% vs. 19.0%) (p < 0.002). Infertility treatments were more common in women diagnosed with GDM than in women without GDM (11.0% vs. 7.6%) (p < 0.001). Pulmonary disease and rheumatoid disease were more common in women diagnosed with GDM (p < 0.05).
Outcomes of the newborn and maternal gestational diabetes mellitus
Outcomes of the newborn are presented in Table 2 . The newborn girls of the primiparous women with GDM had higher birthweight compared with girls of the women without GDM [3400 g (585 SD) vs. 3341 g (546 SD)] (p = 0.017).
Maternal age and gestational diabetes mellitus
The prevalence of GDM increased with age ( Figure 1) . Using a regression model in the primiparous women aged ≥35 years, the odds ratio (OR) for GDM was 2.67 [95% confidence intervals (CI) 2.13-3.34] compared with women aged <25 years after adjustment for pre-pregnancy BMI and number of previous pregnancies.
Body mass index and gestational diabetes mellitus
The prevalence of GDM increased with pre-pregnancy BMI (Figure 2) . Using a regression model in the primiparous women with pre-pregnancy BMI ≥30.0 kg/m 2 , the OR for GDM was 5.36 (95% CI 4.53-6.36) compared with the women with a pre-pregnancy BMI <25 kg/m 2 after adjustment for age and number of previous pregnancies. Maternal age, body mass index and gestational diabetes mellitus Figure 3 shows risk for GDM using cubic spline logistic models adjusted for previous pregnancies in the primiparous women in different BMI categories by age, compared in each category with women at the age of 28 years. The age of 28 years was the mean age of all study participants. In all BMI categories the risk for GDM showed a trend to increase with increasing age except in the primiparous women with a BMI ≥35 kg/m 2 . In normal weight (BMI 20.0-24.9 kg/m 2 ) primiparous women the lowest previous pregnancy-adjusted GDM risk (OR 0.26, 95% CI 0.16-0.43) was in the age group of 
Discussion
According to our observations, the prevalence of GDM in primiparous women was high, 16.5%. Higher age in all women except the severely obese (BMI >35 kg/m 2 ) primiparous women further increased the risk; in primiparous women with normal BMI at the age of 40 years the risk for GDM was 1.5-fold greater than that of women aged 28 years.
With respect to the prevalence of GDM, the results of this study are consistent with previous findings (4, 11, (18) (19) (20) . However, only a few previous studies have focused on the risk of GDM in primiparous women (18, 19) . Those previous study results are in line with our findings (18, 19) . Focusing upon the group of primiparous women is of major public health interest because it has been estimated that primiparous women with a history of GDM have a 50% risk for recurrence of GDM in their second pregnancy (21) .
In 2009 in Finland, the prevalence of GDM was 8.9% and in 2015, 15.9% for both primiparous and multiparous women (22) . According to our study findings, the prevalence of GDM was high, 16.5%. The high prevalence of GDM in primiparous women in the city of Vantaa, Finland, can be explained by the comprehensive GDM screening in accordance with the Finnish Current Cure Guidelines for GDM from 2008 (23) .
Several previous studies have shown associations between increasing maternal age and prevalence of GDM as well as between the degree of pre-pregnancy adiposity and prevalence of GDM (5, 6, 24, 25) . However, the influence of these risk factors occurring simultaneously has not been assessed previously. According to our study findings, primiparous women aged ≥35 years had an almost three times higher risk for GDM compared with primiparous women aged <25 years. Further, based on our study findings, obese primiparous women had a five times higher risk for GDM compared with normal weight primiparous women.
Our study observations show that the risk for GDM increased with maternal age in all pre-pregnancy BMI categories except severely obese women. A primiparous normal weight woman at the age of 40 years had a 1.5-fold higher risk of GDM compared with a woman aged 28 years. The high level of insulin resistance, high levels of circulating adipokines and inflammatory markers as well as oxidative stress may explain this phenomenon (24, 26) . To the best of our knowledge, this is the first study to show, within a large group of primiparous women, the strong positive association between advanced maternal age, increasing degree of adiposity and the Age, years 20 24 28 32 36 40 BMI ≥35.0 Figure 3 . Previous pregnancy-adjusted odds ratios (OR) for gestational diabetes mellitus in primiparous women in different body mass index (BMI) categories by age compared in each category with women at the age of 28 years. The age of 28 years was the mean age of the study participants. Relation was assessed using a 5-knot restricted cubic spline logistic model. development of GDM. A study among UK women with GDM, including both primiparous and multiparous women, reported similar findings (27) .
We observed no association between educational attainment and GDM. Previous studies have shown conflicting results (25, (28) (29) (30) . It is possible that the differences can be explained by a different way of assessing educational attainment.
Most of the newborns in our study were boys, as expected. According to our study findings, the newborn girls of the primiparous women with GDM had a higher birthweight than the newborn girls of the women without GDM. In newborn boys, such a finding was not observed. In a large Swedish study, they observed that both newborn girls and boys of women with GDM had a higher birthweight than did the newborns of women with normal glucose tolerance (31) . Further, according to our study findings the primiparous women with GDM had more large-for-gestational-age newborns than did the women without GDM. This finding is in line with several previous study findings (32) (33) (34) .
GDM is a multifactorial disease; some of the main factors affecting the development of the disease include insulin resistance, inadequate insulin secretion from pancreatic b-cells and genetic susceptibility, combined with a sedentary lifestyle (35, 36 ). An increase in maternal adiposity as well as the insulin-desensitizing effects of the hormonal products of the placenta usually increase insulin resistance (35) . Further, excess adipose tissue has been shown to lead to the release of unsaturated fatty acids, glycerol, hormones and proinflammatory cytokines, all of which further influence the development of insulin resistance and negatively affect insulin secretion (37) . With advanced age, chronic inflammation due to obesityinduced ectopic tissues, including liver and muscle lipid accumulation, may further exacerbate insulin resistance (38) .
Strengths of the study
Our study cohort is comprehensive; all primiparous women from the city of Vantaa, the fourth largest city in Finland, over a period of 7 years are included. The diagnosis of GDM is trustworthy since it is based on the standard 75-g two-hour oral glucose tolerance test. Further, the quality of Finnish register data is high.
Study limitations
Our study was a register-based cohort study. We did not have any information on family history of diabetes, which is one well-known risk factor for GDM. We were also missing data on gestational weight gain; excessive weight gain is known to associated with GDM (39) . Data on lifestyle factors such as physical activity, diet and sleeping patterns were also missing. Further, the study participants come from one city, the city of Vantaa, and were mostly of European ancestry.
In conclusion, in primiparous women both advancing age and increasing degree of adiposity markedly increased the risk for GDM. Women and couples should be encouraged for primiparity at an earlier age than at present. Further effective preventive measures against childhood obesity would reduce the risk for GDM.
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